Abstract-Many practical engineering applications require the numerical solution for the analysis of the EM field by a moving source and/or a moving body. We have previously proposed the Overset Grid Generation method coupled with FDTD method for the analysis of the EM field with moving boundaries considering Doppler Effect. By overlapping one moving sub-mesh on a static main mesh, each mesh is calculated alternately by using interpolation technique. For higher velocity value, Lorentz transformation is applied to the FDTD method. In this paper, after verifying the accuracy of this technique, it is applied for the EM field at an intersection when the input source is moving towards the moving vehicle.
INTRODUCTION
In recent years, the analysis of the electromagnetic (EM) field around a moving body is of importance to solve various problems arising in the engineering applications [1] - [3] . More recently, the solution of EM wave scattering problem remains a crucial element for the realization of next generation nano electronic devices which involve complicated geometries with complex and dynamic moving boundary [4] , [5] . Hence, current and the future of some technologies crucially depend on advanced algorithm in the numerical modeling technique with powerful computational capabilities for analyzing the EM field with a complex moving body particularly at high velocities. The Overset Grid Generation method combined with Finite-Difference Time-Domain (FDTD) method and Lorentz transformation has been previously proposed to solve the EM field from a moving body for higher velocity cases [6] , [7] .
The Overset Grid Generation method has been used mainly in the computational fluid dynamics (CFD) [8] . This method consists of a static main mesh and a moving sub-mesh that overlapped each another. It can reduce the geometrically complex problem to a simple set of grids. The proposed numerical technique aims to find a solution to keep the submesh moving with high velocity value. According to the special relativity, Lorentz transformation requires at least two frames of reference that move with relative velocity [9] .
The FDTD method is widely used to solve the EM field problems due to its low computational complexity [10] . Moreover, this method is very easy to implement in any computing environment including on the structured grids. The time components for the FDTD method are obtained at alternate half-time steps. However, the time component in Lorentz transformation changes at each grid point. Here, the time components that were changed in Lorentz transformation are fixed by using linear interpolation scheme in the Overset Grid Generation method. This allows a coherent point in time component with the FDTD method, which is an important element of this proposed numerical technique.
In this paper, the proposed Overset Grid Generation method combined with the FDTD method and Lorentz transformation is applied to the analysis of the EM field when the input source is moving towards the moving body. The accuracy of the proposed method is verified. Then, the characteristics of the EM field at the intersection when the source and vehicle is moving are observed. The numerical results of the moving case are compared with the stationary case. Fig. 1 . Two inertial frames in relative motion. Fig. 1 shows the basic Lorentz transformation in two inertial frames and move relative to one another [9] . Consider two observers, O and O  in frame K and K  starts at the initial time
II. LORENTZ TRANSFORMATION FOR FDTD METHOD
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axis with relative velocity, v (m/s). When the observer O reaches time t  , Lorentz transformation can be described as in Eq. (1) 
Combining Lorentz transformation to the linear interpolation of the Overset Grid Generation method; it is possible to calculate the moving boundary problems even when the velocity becomes much higher. At first, the position of the sub-mesh is identified. This technique is solved by using main mesh as a stationary frame and sub-mesh as a moving frame. Then the field components on the main mesh are interpolated to the field components on the moving sub-mesh by Lorentz transformation. After calculating of the electric fields in both meshes, the electric fields on the sub-mesh are interpolated back to the main mesh by Lorentz transformation and then half time increment is advanced. The same process is iterated in the magnetic fields. Note that the space and the time are changed according to the Lorentz transformation.
Based on the central difference equation in FDTD method, the same space and time increment are required in each calculation. Considering the Lorentz transformation, the space increment is changed by Eq.(1) and the time increment is also changed at each grid point by the Eq. (2). Space increment and time increment that are changed by Lorentz transformation must be fixed in FDTD method. By using over set grid generation method, the space increment can be fixed. To keep the time fixed, time interpolation is also used [6] . The procedure proposed here is essentially the key idea of our numerical technique.
III. ACCURACY OF THE NUMERICAL TECHNIQUE
To verify the accuracy of the proposed numerical method, the ratio of the grid size between main mesh and sub-mesh is examined. Fig. 2 shows the numerical model of the proposed overset grid.
Fig. 2 Numerical Model
The ratio of the grid size between main mesh and sub-mesh, sub-rate, are given by 
The relative error and standard deviation were also shown. The relative error is given by value l theoretica value l theoretica value numerical error relative   (7) Fig. 3 shows the comparison of the relative error and the standard deviation. Here, the blue line shows the relative error and the red line shows standard deviation. Here, good results were obtained when the value of sub-rate is 0.4 and 1.2. The numerical model to be considered here is shown in Fig.  4 . The electric field at intersection for vehicle is analyzed in stationary case [14] . Here, the moving vehicle and moving source at intersection were analyzed numerically. The outside of the geometry is surrounded by Mur's absorbing boundary condition [13] . The geometry is in free space surrounded by the dielectric objects. It is assumed that the 2D-TE incident wave is moving in free space along the x-axis from left to the right towards the center position. Thus, the moving vehicle is moving in free space oppositely along the x-axis from right to the left towards the center position. In this model, the incident wave is on the sub-mesh and moves with velocity, v for x-direction. According to the result of the accuracy, the sub-rate R=1 is considered. Here, the space increment in main mesh and sub-mesh are . Here, the moving vehicle and the moving incident wave are assumed to move until 12500 time step. The numerical results are shown in Fig. 5 and Fig. 6 . Fig. 5(a) shows the electric field when the input wave and the vehicle are both in stationary condition. Fig.5 (b) shows the electric field when the input wave is moving toward the moving vehicle. Here, the changes of the characteristics of the electric field between the moving source and stationary source are observed. Fig. 6(a) shows the numerical result of the electric field on the observation line A, where blue line shows that both source and vehicle are moving and red line shows that both are in stationary. Horizontal line shows the observation line and the vertical line shows the electric field. In this figure, it can be shown that electric field in moving case became stronger compared with the stationary case. Fig. 6(b) shows the numerical result of the electric field on the observation line C. It is also shown that stronger electric field at the moving case compared with the stationary case. As this electric field were shown when input wave and vehicle were moved until 12500 time step, the both peaks of the electric field are different. It can be shown the amplitude and the phase is shifted by the motion. V. CONCLUSION The FDTD method combined with the Overset Grid Generation method considering Lorentz transformation for the analysis of the EM field by the moving source and moving body are presented. In this paper, the technique was applied for moving vehicle and moving source. The characteristics of the electric field between the moving case and stationary case are shown. In this paper, a parallel processing technique, Open MP is used to reduce the computing time. The unique features of the proposed numerical technique can be value to many practical engineering applications. It is also well suited as the fundamental analytical tool for the novel designs and realization of the nano scale devices. Thus, this technique plays a supporting role in the realization of nanostructure devices which can bring many innovations in the telecommunications network, satellite system and others.
